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Neutrinos from Supernovae 



The SN Neutrino Signal 

KAM‐II 

IMB 

Figure adapted from Yuksel and Beacom 



What did we learn ? 

Our overall picture of SN 
explosions is correct 



Limita*ons 

•  Mostly detected an*‐νe 
•  Energy resolu*on limited 

•  Low sta*s*cs 
•  Background confusion 

Need high‐fidelity spectral measurements for all flavors 



Detec*ng SN Neutrinos 

•  νe/an*‐νe have charged current interac*ons 
•  What about the non‐electron flavors? 

•  They have only neutral current interac*ons 
•  Elas*c scaZering with protons is the answer 

Beacom, Farr, Vogel 2002 



Detailed and updated status 

Published in PRD (2011) 



ν‐p elas*c scaZering 

Number of proton recoils  
per visible energy 

Visible energy as a  
func*on of true recoil energy 

Neutrino spectrum at Earth 

Differen*al cross sec*on 



Cross‐Sec*on 

•  Standard model calcula*on 
•  Quite large (~1/4 inverse beta) 
•  Slightly prefers higher recoils 



Quenching 

•  Heavier projec*les lose energy faster 
~100‐1000 MeV/cm 

•  Short tracks 
•  Total scin*lla*on lower than that by electrons 
of same energy 



Quenching at KamLAND 

•  Measured by Yoshida et 
al, NIM (2010) 

•  Not described by a 
simple 1/linear law 

•  Add quadra*c 
correc*ons 



Energy resolu*on at KamLAND 

•  Number of photoelectrons propor*onal to 
visible energy 

•  Energy resolu*on is almost gaussian, 
determined by sqrt(Number of p.e.) 

•  ΔT’/T’~6.9%/sqrt(T’) 
•  Almost negligible, <10% above 0.2 MeV 



Backgrounds at KamLAND 

•  Radioac*vity is the 
main background 

•  Below 0.2 MeV C‐14 

•  At ~0.3 MeV Polonium 
peak 

•  Pulse‐shape disc. 
•  Otherwise almost 
background free 

•  Made fiducial cuts 

KamLAND amer purifica*on 
Plot from Chris Grant’s poster 



Experimental Inputs 

KamLAND has a quadra*c correc*on C=2.73 10^‐5 in quenching 



KamLAND 



Borexino 



SNO+ 



Flux Discrimina*on vs Systema*cs 



Parametric Reconstruc*on 

Beacom, Farr, Vogel, 2002 



Nonparametric Reconstruc*on 

If Nbin=3, for example,  



Nonparametric Reconstruc*on 

If Nbin=3, for example,  



Regulariza*on 

•  Need to add a regulator to avoid noisiness 
•  We typically add a penalty term such that the 
reconstruc*on is locally linear/quadra*c 

•  Technically: Phillips‐Twomey/Tikhonov 



Generate Mock‐data 



Reconstruct Spectrum 



LENA 



What do we learn? 

•  Observe all flavors 
•  Precision measurements in all flavors 

•  BeZer handle on total energy budget 
•  Disappearance and appearance 


